Objective: To determine the prevalence of chronic energy de®ciency (CED) and associated mortality risk in a cohort of adult Nigerians followed from 1992 to 1997. Research methods and procedures: The data for this investigation were derived from an international collaborative study on chronic diseases in populations of the African diaspora. Body mass index (BMI) was used to de®ne three grades of CED in 4061 men and women aged 25 years and older: Grade I (mild CED) as BMI 17.5 ± 18.4, Grade II (moderate CED) as BMI 16.0 ± 17.4, and Grade III (severe CED) as BMI`16.0 and BMI !18.5 was considered normal. The odds of mortality associated with differing grades of CED was estimated with logistic regression analysis. Results: The prevalence of CED (BMI`18.5) increased from 14.3% in 1992 to 19.6% in 1997, both genders combined. The prevalence of CED was similar for both sexes in 1992 (14%) but increased to 22.4% in men and 17.4% in women by 1997. The prevalence of CED was 8.5%, 7.6 and 3.4 for Grades I, II and III, respectively. Two hundred and seven deaths occurred during the follow-up period. The mortality rate for the 5.5 y of follow-up was 5.1% (207a4061). The odds ratios (95% Cls) for all cause mortality were 1.4 (0.5, 3.8), 2.4 (1.2, 4.9) and 2.5 (1.0, 6.2), respectively, for CED grades I, II and III adjusting for age and sex. Conclusion: Under nutrition is an increasing problem in Nigerian men and women. The economic reforms (structural adjustment program (SAP)) introduced in 1986 in combination with the continued economic woes brought on by political instability, corruption and nepotism have been advanced by several investigators as the main factors in the growing problem of inadequate calorie intake. Intervention strategies both at the government and private sectors are urgently needed to increase food availability. Sponsorship: This work was supported by grants from the National Institutes of Health (HL 45508, HL 47910, HL 53353).
Introduction
The combined effects of the chaotic political climate and the continued economic woes brought on by internal instability, corruption and nepotism and external policies, including structural adjustment program (SAP) imposed by the International Monetary Fund (IMF) and the World Bank, on the deteriorating health status of the general populations of most sub-Saharan African countries have become the subject of intense concern and debate (Ekpenyong, 1995; Ibe, 1993; Priya & Baru, 1998; Igbedioh, 1993) . In this communication, we use conventional epidemiologic methods to assess the magnitude of the problem of chronic energy de®ciency (CED) and its impact on overall mortality in a population sample of Nigerian adults. As suggested by several investigators (James, 1994; Norgan, 1994; James & Francois, 1994; Bailey & Ferro-Luzzi, 1995; Naidu & Rao, 1994) and the task force of the International Dietary Energy Consultative Group of the ACC Sub-committee on Nutrition (James et al, 1988) , body mass index (BMI) was employed to de®ne adult CED. In developed countries, BMI is used to assess obesity and its associated risk to chronic diseases including diabetes, hypertension and heart disease. However, in developing countries where there are still problems with inadequate energy intake, it has become important to know the lower limit at which bodily functions start to fail, with resulting illness and dysfunction (Garcia & Kennedy, 1994) .
BMI, expressed as weight divided by height (kgam 2 ), is an anthropometric index of the relative degree of heaviness. The anthropometric components of BMI (that is weight and height) are easy to measure and for the most part do not suffer from estimation errors encountered in measurements of other indicators of energy intake and expenditure at the population level; diet and physical activity surveys using questionnaires are particularly prone to measurement errors. More robust measures of basal metabolic rates (BMR) and total energy expenditure, for example doubly labelled water, are presently too expensive and complicated for large-scale use in epidemiological surveys designed to collect information at the population level. In addition, BMI has other desirable properties, including ease of incorporation into regional and national surveys conducted by various countries and international agencies (Shetty & James, 1994a,b) , ability to respond to changes in levels of adult physical activities imposed by varying agricultural activities and to seasonal¯uctuation in food availability (Shetty & James, 1994) . This investigation was motivated by earlier observation of worsening nutritional status among Nigerians (Igbedioh, 1993; Cooper et al, 1996; Bunker et al, 1995) and the dearth of information on the functional consequences of under nutrition in adults in developing countries. Established BMI cut-off points were used to assess the problem of CED in a cohort of adult Nigerians enrolled in a prospective population survey designed to describe all cause, and major cause, speci®c mortality rates in two adjacent communities in the Ibadan area of south-western Nigeria.
Methods

Sampling
The data for this investigation were derived from an international collaborative study on the distribution and etiology of chronic diseases in populations of the African diaspora with sites in West Africa (Nigeria and Cameroon) the Caribbean (Barbados, Jamaica and St Lucia), the UK (Manchester) and the USA (the Chicago metropolitan area) (Cooper et al, 1997a ,b, Kaufman et al, 1996 . In Nigeria, a sampling method was designed to cover two adjacent urban communities (Idikan and Abebe) in the city of Ibadan, located in Oyo State in the Southwest of Nigeria.
Measurement
Anthropometric measurements were obtained from participants without shoes and in light clothes. Weight was recorded to the nearest 0.5 lb. Height was measured using an inelastic tape-measure to the nearest 0.1 cm. Three blood pressure (BP) measurements were taken for each subject with a light weight semi-automatic electronic device (Cooper et al, 1997a) . The mean of the second and third systolic blood pressure (SBP) and diastolic blood pressure (DBP) measurements were used for the de®nition of hypertension and for all BP analyses. Two measurements of waist and hip circumference at points of maximum extension of the buttock were made for each subject to the nearest 0.1 cm. If there was a difference of more than 0.5 cm between two readings, an additional measurement was taken and all three measurements were recorded. The mean of the last two measurements of waist and hip were used for this investigation. BMI was calculated as the measured weight divided by height (kgam 2 ). CED was de®ned and graded in accordance with established criteria (James, 1994; Norgan, 1994; James & Francois, 1994; Bailey & Ferro-Luzzi, 1995; Naidu & Rao, 1994; James et al, 1988) : Grade III (severe), BMI`16.0; Grade II (moderate), BMI 16.0 ± 17.4; Grade I (mild), BMI 17.5 ± 18.4; A BMI!18.5 was considered normal.
Follow-up strategy
Following the initial census, participants enrolled in the study were contacted by the ®eld workers to ascertain vital status during their quarterly visits and their daily interaction with the community. Willing ®rst degree relatives who had been present and involved in providing care to the deceased participant were interviewed by a trained nurse after an acceptable period of mourning. All interviews were, however, completed within six months. If the participant died in, or attended a hospital in, the period just before death attempts were made by the study coordinators to obtain a copy of the death certi®cate and medical record from the index hospital.
Statistical methods
Statistical analyses were performed using programs available in SPSS Windows (Version 8.0) (Norusis, 1997) . Means and standard deviations for continuous variables were calculated and compared across gender using the ttest; the w 2 test was used to compare the proportion of CED over time and by gender. Logistic regression analysis was used to estimate the odds of mortality associated with differing grades of CED using normal subject (with BMI!18.5) as the reference group. A value of P`0.05 indicated statistical signi®cance. The study protocol was approved by the ethics committee of Loyola University Chicago and the University College Hospital, Ibadan, Nigeria.
Results
The distribution of anthropometric variables by gender are presented in Table 1 . Overall, men were older (50.7 vs 45.5; P 0.0001), taller and weighed more, although women had a greater BMI (22.7 vs 21.2 kgam 2 , P 0.0001). A greater skewness (towards larger BMI values) was apparent for women compared to men (Figure 1 ). Although women had larger waist circumferences, the disproportionate increase in hip circumference among the women resulted in men having a higher waist-to-hip ratio (0.90 vs 0.81 P 0.0001). Mean systolic and diastolic blood pressures were higher for men compared to women (P 0.006). The observed difference was, however, due to the fact that men were older (P 0.11 after adjusting for age). The prevalence of hypertension was 25.3% and 14% by the two criteria used.
The prevalence of CED was 3.4%, 7.6% and 8.5% respectively for severe (Grade III), moderate (Grade II) and mild (Grade I) CED for men and women combined (Table 2) . Eighty-one percent of the cohort had normal BMI. The percentage changes in BMI by CED grades, comparing the earlier follow-up periods (1992 ± 1994) and Energy de®ciency and mortality among Nigerians C Rotimi et al later periods (1995 ± 1997) , are displayed in Figure 2 . There was a consistent increase in the prevalence of CED by grade over the course of the follow-up periods for both men and women. The prevalence of Grade I increased from 7.2% to 10.2% among men and from 7.9% to 8.3% among women; prevalence of Grade II increased from 5.4% to 11.3% among men and from 4.7% to 7.5% among women; and prevalence of Grade III increased from 1.4% to 3.5% among men and from 2.8% to 4.2% among women. Table 3 shows the distribution of CED by age groups and gender. The highest prevalence of CED (25.7%) was observed among men and women in the oldest age (55 age group). Overall mortality rate was 5.1% (207a4061) for the 5.5 years of follow-up (Table 4) . Age-speci®c death rate for the oldest age group was approximately 2% per year. To determine the risk of mortality due to CED, we estimated the odds associated with various categories using normal subjects (BMI!18.5) as the reference group. The results of age-and sex-adjusted logistic regression analyses are presented in Table 5 . Compared with BMI!18.5, CED Grades I, II and III were respectively associated with 40%, 140% and 150% increased odds of mortality. Energy de®ciency and mortality among Nigerians C Rotimi et al
Discussion
In the developed countries, the public health problems of over nutrition' (overweight and obesity) and associated increased morbidity and mortality have reached epidemic proportions (Lindsted & Singh, 1998; Fitzgerald & Jarrett, 1992; Wienpahl et al, 1990; Manson et al, 1990; WHO, 1997; Rexrode et al, 1998) . The picture is, however, different in many developing countries where under nutrition coexists with over nutrition presenting a double burden of disease (WHO, 1997; Yuan et al, 1998) . In most countries of sub-Saharan Africa, the small groups of elite are experiencing problems associated with over nutrition while the majority of citizens of these countries are still trying to cope with the traditional public health concerns of under nutrition and infectious diseases. These nations with very limited resources now face the challenge of developing strategies to address the public health problems associated with over nutrition, including diabetes, cancer, respiratory dysfunction, hypertension and other cardiovascular diseases (Lindsted & Singh, 1998; Fitzgerald & Jarrett, 1992; Wienpahl et al, 1990; Manson et al, 1990 ; WHO, 1997; Rexrode et al, 1998). On the other hand, they will have to develop simultaneously plans to address problems associated with CED including stunting, impaired mental development, reduced productivity, impaired immuno-competence and enhanced susceptibility to infection (Shetty & James, 1994a,b) . This study documents the problem of CED in a cohort of adults in an urban setting in south-western Nigeria. The prevalence of CED (BMI`18.5) increased from 14.3% in 1992 to 19.6% in 1997 among 4061 men and women aged 25 years and older. However, as the problem of under nutrition continues among adult Nigerians, men seem to have fared worse than women. The prevalence of CED, which was similar ( $ 14%) for both sexes in 1992, increased to 22.4% in men and 17.4% in women by 1997. The magnitude of the problem of CED is even more dramatic when these rates are applied to the general population of adults over the age of 25 years currently estimated as 39 163 00 (men 20 379 000; women 19 384 000), 36% of the total Nigerian population (United States Bureau of the Census, 1998). At the end of the follow-up period an additional 2 107 439 persons joined the 5 686 109 estimated to be suffering from CED in 1992 for a total of approximately eight million persons in 1997.
The prevalence of CED was 16.2% in the youngest age group (25 ± 34 age group). As described by Ekpenyong et al in 1985 , the personal income of most elderly Nigerians is insuf®cient to meet their daily needs. Increasingly, the elderly are becoming completely dependent on the younger generations for economic support. Unfortunately, the younger generations are also experiencing economic and political hardships. This troubling trend is putting tremendous strain on the African cultural norm of caring for parents. Children are beginning to abandon their parents for lack of resources.
In addition, we demonstrated a signi®cant increase in mortality among persons classi®ed as CED. After controlling for the confounding in¯uence of age and sex in logistic regression models, mortality increased by 40%, 140% and 150% respectively for individuals in CED Grades I, II and III compared to persons with acceptable BMI (BMI!18.5). Curiously, the CEDamortality relationship seems to¯atten out between Grades II and III. The reason for this observation is not immediately apparent. Among equally likely explanations is an artifactual ®nding or loss of power due to an arbitrary categorization of BMI, a continuous variable. To gain any credence, this ®nding must be replicated in other studies in similar populations.
As demonstrated in this and other studies (Igbedioh, 1993; Naidu & Rao, 1994; James et al, 1988; Garcia & Kennedy, 1994; Shetty & James, 1994a,b ) the problem of malnutrition or chronic energy de®ciency is not restricted to children in developing countries where most of the emphasis has been placed both at the national and international levels. It is now well documented that adults in developing nations with serious natural disasters (for example drought, hurricane and¯ooding) and human-made disasters including chronic economic and political instability, suffer from inadequate energy intake (Curtis, 1998; Ferro-Luzzi et al, 1997; Immink et al, 1992; Bergmann et al, 1997) . Although the situation in present day Nigeria is similar to what is reported in other developing countries it is however more disturbing given Nigeria's vast natural resources, including petroleum, tin and natural gas. Crude oil sales account for 97% of Nigeria's export earnings and up to 80% of federal revenue. Exports were worth 10.64 Energy de®ciency and mortality among Nigerians C Rotimi et al billion US dollars in 1995 rising to 14.1 billion in 1996. Unfortunately, with heavy reliance on import for machinery, transport equipments, chemicals and food, imports cost over 8 billion US dollars. Once a self-suf®cient food producing nation, Nigeria is now a major food importer.
Three main factors have been advanced as responsible for the diminished calorie intake observed among Nigerians and the near collapse of all major infrastructures, including agriculture, health, transportation and utilities such as electricity and water. These factors include the SAP implemented in 1986 to attempt to remedy macroeconomic imbalances, the fall in oil prices and the wholesale looting of the national treasury by government of®cials. Nigeria, which produces over 2.0 million barrels of crude oil a day, cannot maintain her government controlled re®neries to meet local demand for gasoline, resulting in critical shortages of petroleum products and an almost complete disruption of the transportation systems. This unfortunate and unjusti®able state of affairs has resulted in unprecedented hardship and has led to several national and local catastrophes, including the recent ®re incident which resulted in the death of over 1000 men, women and children. This national disaster was the direct result of desperate citizens trying to obtain gasoline from burst pipelines transporting petroleum products from the south to the north. Transportation of farm produce to the market places has become such a complicated logistical problem that over 70% of post-harvest produces are lost to food spoilage. This problem is further compounded by inadequate storage facilities. Large-scale silos constructed by government are inaccessible to rural farmers who produce most of the food, an indication of poorly coordinated agricultural policy (Igbedioh, 1993) .
The IMF and World Bank rolling plans implemented along with the 1986 SAP to diversify the economy and increase food production have at best met with minimum success. The cutback in credit availability, currency devaluation and the general reduction in public spending, in combination with the strict repayment policy of foreign debts, have led to reduction in the real values of wages, massive unemployment, collapse of local industries in the face of cheap foreign imports and a rise of consumer price in¯ation estimated as high as 72% in 1995. As has been observed by others (Curtis, 1998; Lundy, 1996; Ekwempu et al, 1990; Priya & Baru, 1998; Yach & Schirnding, 1994) , there are no reliable data to assess the overall impact of internationally imposed culturally insensitive economic programs such as SAP on the lives of the average person in developing countries. These macro-economic programs bring with them tremendous hardships with results that are at best described as equivocal in most developing countries from Africa to South America and Asia (Curtis, 1998; Lundy, 1996; Ekwempu et al, 1990; Priya & Baru, 1998; Yach & Schirnding, 1994) .
In the immediate present, national programs designed to address the problems of inadequate food production and distribution are urgently needed. Since over 90% of the main crops (sorghum, millet, maize, groundnuts, cassava, yams, rice and plantain) are grown in the rural areas of the country, remedial programs to support rural agriculture including alleviation of the current gasoline shortage, improved access to storage facilities, subsidizing andaor improving credit facilities to enable rural farmers buy seeds and fertilizers are urgently needed. In the long run, government programs to address corruption, political instability and international debt burden must be thoughtfully developed and implemented. In addition, the economic and political implications of the growing trend of privatization of local utilities, educational and health care institutions with the introduction of`user fees' should be carefully studied to enable proper implementation with minimum hardship to the average Nigerian. Economic reforms, whether imposed by international or local agencies, leading to massive unemployment, currency devaluation with drastic reduction in real value of wages and guaranteeing access to health care and education only to the privileged few, will in no doubt fail in the long run. Finally, it must be realized that the problem of CED is detrimental to both present and future generations.
